Background: We conducted this case-control study to evaluate smoking effect on lung cancer conditional on the level of exposure to cooking emissions and to explore whether there is a joint effect of these two risk factors.
introduction
Lung cancer is a leading cause of cancer death among women in Hong Kong, where 98% are Chinese ethnicity. Their agestandardized incidence rate has been among the highest (32/100 000) in the world, only second to women in the United States (34/100 000) according to 2000 data [1] . Clearly, nailing down the causative factors is of vital importance for fully understanding lung cancer etiology and formulating an effective prevention strategy.
Among risk factors for lung cancer previously investigated, tobacco smoking is the well-documented major risk factor and was responsible for the rising incidence of lung cancer in Chinese men in the last century, as in other populations [2] . The role of tobacco smoking in the high incidence of lung cancer among women in Hong Kong and mainland China is less clear, given the fact that smoking prevalence is only 3%-5% among Chinese women, compared with 22% in American women and 28% in British women [3] . The populationattributable risks due to smoking for lung cancer in Asian women, including Chinese women, have been estimated to be between 24% and 38% only [2, 4, 5] , in contrast to 57% and 80% found in European and North America women [6] . It has been reported that the proportion of adenocarcinoma is notably higher in Hong Kong women [7] than in western women [8] . This is consistent with the predominant proportion of nonsmokers in the former, as adenocarcinoma is less strongly associated with tobacco smoking than squamous cell and small-cell subtypes [9, 10] . Furthermore, previous studies have suggested that the effect of smoking on lung cancer is generally weaker in Chinese women [2, 11, 12] than in western women [13, 14] . All these findings indicate that cigarette smoking alone cannot fully explain the high incidence rates of lung cancer among Chinese women.
Exposure to cooking emissions, in particular generated from Chinese-style frying, as a potential risk factor for lung cancer, has drawn increasing concerns over the last two decades. Although the number of studies on this topic has been limited, most of the studies provided evidence for a positive association in Chinese women living in different countries [4, [15] [16] [17] . A recent work reported a dose-response relationship between lung cancer risk and cooking fume exposure among nonsmoking Chinese women living in Hong Kong [18] , shedding more light on the role of environmental risk factors in original article the development of lung cancer. In fact, the International Agency for Research on Cancer recently classified emissions from high-temperature frying as 'probably carcinogenic to humans (group 2A)' [19] . In spite of the associations found between lung cancer and smoking or exposure to cooking emission from frying, some important questions remain to be answered. For example, what is the magnitude of smoking effect on lung cancer risk conditional on the level of exposure to cooking emissions? Whether smoking and exposure to cooking fumes act jointly or independently? Moreover, previous studies rarely documented specific histological subtypes of lung cancer that might be related to exposure to cooking emission from frying. The current analysis, taking advantage of the case-control study data from Chinese women in Hong Kong, aims at evaluating the effects of smoking on lung cancer conditional on the level of cooking emission exposure and determining whether there is a joint effect of the two risk factors. Furthermore, the influences of smoking and exposure to cooking emissions to histological subtypes of lung cancer are explored.
subjects and methods
The cases were selected from patients in the largest oncology center in Hong Kong. The criteria of case selection included newly diagnosed primary carcinomas of the lung (International Classification of Disease, Ninth Revision code 162) from 1 July 2002 to 30 June 2004, confirmed histologically or cytologically according to the World Health Organization histological typing of lung tumors [20] , and Chinese female aged 30-79 years. Among a total of 291 eligible cases that were identified, 279 (96%) were successfully interviewed and thereby included in this study. Control subjects were randomly sampled from residents of the same districts where the cases came from, using the residential telephone directory. They were frequency matched to 10-year age groups. All controls had no history of physician-diagnosed cancer at any site. As a result, 322 who were successfully interviewed were included among 661 identified eligible control subjects. There were 66 (24%) smokers in cases and 30 (9%) in controls. The study was approved by the ethics committees of both the Chinese University of Hong Kong and the Queen Elizabeth Hospital.
Details on the collection of data of personal demographic features and exposures to major potential risk factors were described elsewhere [18] . Briefly, person-to-person interview was administered using standardized questionnaire in local dialect. The collected information included detailed active smoking history, environmental tobacco smoking (ETS) exposures at home and at workplace, cooking habits and practices since childhood, dietary habits, family cancer history, residential radon exposure, occupations, and education. Relevant medical data, such as medical diagnosis and histological findings, were retrieved from the hospital records.
An ever smoker was defined as one who had ever smoked >20 packs of cigarettes in lifetime, more than one cigarette a day, or more than one cigar a week for 1 year. A person who had quitted smoking for 2 years or more was considered as ex-smokers; otherwise she was a current smoker. Smoking amount was categorized as <25 and 25 or more pack-years. ETS exposure among nonsmokers was defined as having lived or worked with smokers for at least 1 year and was regularly exposed to tobacco smoke. Regular exposure was defined as at least 1 h a day. We further divided ETS into three subgroups, i.e. ETS at either home or work, at both home and work, and none at all, in an attempt to differentiate the intensity of the exposure.
A composite index, the cooking dish-years, was constructed to quantify the regular cooking habits based on the frequency and the duration of cooking, as well as three cooking methods (stir frying, frying, and deep frying), as previously described [18] . One stir-frying dish-year means cooking one stir-fried dish daily for a year. The total cooking dish-year was calculated by summing up the stir-frying dish-years, frying dish-years, and deep-frying dish-years. The total cooking dish-years was used to express amount of exposure to cooking emissions, which was also categorized into four groups with intervals of 50 dish-years.
The data analysis was focused on the evaluation of the relationship between smoking, exposure to cooking emission from frying, and the risk of lung cancer. At the same time, passive smoking at home and at workplace was also considered as a potential predictive variable of interest. Other potential confounding variables taken into account included education level, employment, exposure to radon at home, expressed as residential radon exposure index (RRE) [18] , frequency and amount of consumption of dark green vegetables and yellow orange vegetables (quantified as servings per day, and categorized as four groups, i.e. <1, 2, 3, >4 servings daily), dietary supplement of multivitamin (defined as never, irregular, and regular), and family history of all cancers (yes/no).
We used unconditional logistic regression to obtain odds ratios (ORs) for lung cancer related to smoking, exposure to cooking fumes, and ETS, while adjusting for other relevant confounding variables. First, we evaluated the effects of smoking, smoking amount, and ETS on lung cancer in three different models: the first model was univariate analysis to obtain crude ORs; the second model applied multivariate analysis, in which employment, educational level, RRE, intakes of dark green vegetables and yellow orange vegetables, dietary supplement of multivitamin, and family cancer history were also included. Meanwhile, age was also adjusted for a potentially residual confounding effect, as controls were matched by 10-year age groups. The third model was constructed based on the second model, by adding total cooking dish-years as a continuous variable. Then, we analyzed the joint effect of exposure to cooking emission and smoking by creating seven dummy variables in the combination of four categories of total dish-years and smoking status (ever smoking versus never smoking). The subgroup of nonsmokers with the lowest dish-years served as a reference group. Other relevant variables, as stated in the second model, were included in the model. Finally, we explored the effects of smoking and exposure to cooking fumes on specific histological subtypes of lung cancer. The subtypes of lung cancer were categorized as adenocarcinoma and nonadenocarcinoma (squamous, small cell, and large cell) and were compared with control subjects. All analyses were carried out using the Statistical Package for the Social Sciences software version 15.0 for windows.
results
Demographic data and major potential risk factors in cases and controls are showed in Table 1 . Average age was 65 years for both groups. More cases had never been employed and received a lower education than controls. Total cooking dish-years was significantly higher in cases. Moreover, smoking was more common and heavier in cases. Majority of cases and controls experienced ETS either at home or work or at both venues and no difference was found in the proportion of ETS exposures between them. In addition, 67 (24%) in cases and 48 (15%) in controls had their first-degree relatives with cancer at any site, and the difference was statistically significant.
In univariate analyses, smoking was a significant risk predictor for lung cancer ( In all the models, cooking dish-years, family cancer history, and age were significant risk factors, while increasing intakes of yellow/orange vegetables and multivitamins were significant protective factors.
In the analysis of joint effects of smoking and cooking dish-years, both cases and controls were grouped by four dish-year levels (with an interval of 50) and ever smoking and nonsmoking. In comparison with nonsmokers with the lowest dish-year category (reference), all other subgroups were associated with an increased risk of lung cancer (Table 3) . A dose-response gradient with total cooking dish-years was displayed in nonsmokers, with OR >2 in the second highest dish-years and >4 in the highest dish-years. No consistent trend was detected in smokers. However, ORs were greater in smokers than nonsmokers at corresponding levels of cooking fume exposure, except in the second highest (101-150 dish-years) category, which contained fewer numbers of subjects. Among lung cancer cases, 174 (62.4%) were classified cytologically as adenocarcinoma, 24 (8.6%) as squamous, 9 (3.2%) as small cell, and 10 (3.6%) as large cell. The remaining 62 (22.2%) cases were not identified specifically. After we excluded the 62 unspecified cases, smoking had a far stronger effect on nonadenocarcinoma (OR = 14.13, 95% CI 5.32-37.51) than adenocarcinoma (OR = 1.86, 95% CI 0.98-3.50) while adjusting for cooking dish-years and other factors (Table 4) . Similar results were observed in terms of smoking amount. On the other hand, exposure to cooking fumes seemed to have an exposure-response relationship with both adenocarcinoma and nonadenocarcinoma after adjustment for smoking and other factors. We then carried out sensitivity analyses by including the 62 cases with unspecified cell types, assuming them to be either adenocarcinoma or nonadenocarcinoma. In the former case, ORs were little changed for dish-years levels, while it was slightly elevated for smoking (2.04, 95% CI 1.14-3.65). In the latter case, ORs were considerably reduced for smoking (5.12, 95% CI 2.52-10.40) and slightly decreased for total dish-years. The changes in pack-year were similar to that in smoking status. This result implied that majority of the unidentified cases were adenocarcinoma, like other cell-type specified cases. We also examined the effect of ETS on cell subtypes and found ETS tended to be more strongly related to nonadenocarcinoma than to adenocarcinoma, which was in accordance with active smoking. However, there were only 20 cases in nonadenocarcinoma by ETS, which were too few for meaningful subgroup analysis.
discussion
We evaluated the effects of smoking and cooking emissions on lung cancer in Hong Kong Chinese women. As expected, the result confirmed the well-established association between smoking and lung cancer, despite a small proportion of smokers in this study. Smoking was a strong risk factor of lung cancer, which was associated with a risk of four times in current smokers and two times in ex-smokers compared with nonsmokers. Moreover, smoking amount was a similarly powerful predictor. The result corroborated the evidence for the role of smoking in the development of lung cancer in Chinese women, despite a comparatively low prevalence of smoking among them.
The strength of association between smoking and lung cancer seemed not to be influenced much by other factors, including exposure to cooking emissions. Our results are in line with the general observation that the magnitude of association between smoking and lung cancer in Chinese women is weaker than in western women. The overall risk reached as high as 10.8 in western women [13, 21, 22] , whereas the risk ranged between two and five in Chinese females [11, 23] . In a meta-analysis of 12 case-control studies, the combined OR was 2.19 (95% CI 1.93-2.48) among the latter [12] . In Hong Kong, at least three case-control studies reported ORs in relation to smoking that ranged from 2.8 to 3.8 [2, 11, 24] , the effect size similar to our study.
Meanwhile, we observed a strong association between exposure to cooking emissions from frying and lung cancer. This was indicated by the results of that total cooking dishyears was a significant contributing factor in all models, and there was a clear exposure-response trend in the absence of smoking effect. However, we did not detect a joint effect of smoking and exposure to cooking emissions. One of the possible explanations is that smoking and exposure to cooking emissions acted independently. Another possible explanation is due to the small number of smokers who prohibit from detecting the effect. Further studies are needed to confirm it. It was worthwhile to note that smokers were at a greater risk for lung cancer than nonsmokers with a similar level of cooking dish-years, but it was not the case in the 101-to 150-dish-years category. To explore an explanation for this variation, we compared smoking amount between cases and controls in the comparable cooking dish-year category. We found that packyear was smaller in the cases (mean 27.3) than in the controls (mean 41.2) in the 101-to 150-dish-years level, whereas it was the other way around in other cooking dish-year levels. Obviously, smoking amount played an important role in determining the extent of the cancer risk among smokers who were in a similar level of exposure to cooking emissions. The absence of exposure-response trend with dish-years in smokers might be explained by that smoking exerted such a powerful effect that it masked the effect of exposure to cooking emissions. Alternatively, it might be insufficient study power due to the small number of smokers.
Previous studies have reported a higher proportion of adenocarcinoma lung cancer among Asian women than among western women [3] . In the present study, adenocarcinoma accounted for more than a half (62.4%) in the cases, which was similar to that reported by others [25, 26] . We believe such a proportion was close, if not identical, to the 62 cases with unspecified cell subtypes, based on the results of the sensitivity analysis. A closer relationship of smoking to nonadenocarcinoma lung cancer has been documented in previous studies [9, 10, 27] . The current study reconfirmed the quite robust relationship, represented by the ORs related to smoking that were much greater for nonadenocarcinoma than for adenocarcinoma, in spite of a small number of smokers in the subgroup analysis. The larger proportion of adenocarcinoma in Asian, including Chinese women, in turn, could be explained by the low prevalence of smokers. Few studies documented the association between exposure to cooking emissions and histological subtypes of lung cancer. The current analysis revealed that exposure to cooking emissions did not appear to have different effects on adenocarcinoma and nonadenocarcinoma. There was a gradient of increased risk with total cooking dish-years in both cell subtypes, which was independent of smoking and other confounding factors. We did not believe that this result could be a chance finding entirely, despite a small number of the subjects in each subgroup by total cooking dish-years (particularly in the cases of nonadenocarcinoma). The direction and strength of the association with either adenocarcinoma or nonadenocarcinoma were not much altered when the 62 cases with unspecified cell types were included in the analysis. Besides, the smokingadjusted ORs for both cell subtypes at each dish-years category were approximate to those observed in nonsmokers (as shown in Table 3 ). The result suggests that exposure to cooking fumes may be related to both adenocarcinoma and nonadenocarcinoma, whereas smoking was more strongly associated with nonadenocarcinoma lung cancer. This was in line with the finding of no evident interaction observed between smoking and exposure to cooking emissions. The two factors possibly acted independently if the different pictures of the effects of smoking and cooking fume on histological subtypes are confirmed. This highlights that future studies on risk factors for lung cancer should take into account the specific histological subtypes.
We also made an attempt at evaluating the effect of ETS among women who were lifetime nonsmokers and found no evident elevated risk. There were inconsistent results reported in previous studies with respect to the presence or absence of an association between ETS and an incremental risk of lung cancer. A meta-analysis combining six studies in nonsmoking Chinese women showed no excess risk related to ETS, with an overall OR of 0.91 with a 95% CI of 0.75-1.10 [28] . Some other studies reported ORs ranging from 1.1 to 1.3 [29, 30] . The inconsistent results might reflect a number of challenges confronted by epidemiologic studies on passive smoking: the difficulty of obtaining accurate exposure data by means of selfreports; misclassification of smokers as nonsmokers; and the possibility of confounding by other risk factors including social-economic levels [31] . We also attempted to determine the effect of ETS on different histological subtypes, but the limited number of nonadenocarcinoma cases prohibited us from drawing a conclusion.
Major strength of this study included that a great effort was made to quantify cooking emission exposure based on the frequency and duration of cooking [18] , as expressed in total cooking dish-years. This variable might better reflect individuals' total dose during lifetime cooking practice than using either the frequency or duration alone, as commonly used in previous studies [4] . In addition, various factors such as dietary habits, family history of lung cancer, and residential radon exposure were considered and adjusted throughout the analysis. On the other hand, several potential sources of bias need to be pointed out. First, selection bias might be a concern, like all other case-control studies. However, there was a high participation rate in the cases that attended the largest cancer center in Hong Kong. The participating controls were randomly sampled from the same residential areas as that of the cases. The results, therefore, might not be distorted substantially by the selection. Secondly, smokers accounted for a small fraction in both cases and the controls, based on which we did observe a significantly increased risk of lung cancer associated with cigarette smoking. Nevertheless, the limited number of smokers might be one of the explanations for the lack of exposure-response relationship between total cooking dish-years and lung cancer among smokers. Lastly, recall bias and interviewer bias might possibly be present in this study. Yet, we made an effort to introduce the study to both the cases and the controls as a general 'women health' study, rather than specifying it as 'lung cancer study'. The bias, if existed, might have led to dilution of a true association. Furthermore, an evaluation of reliability of measurement for cooking fumes exposure indicated a good reproducibility [18] .
In summary, the study verified the important roles of smoking and cooking emissions from frying in lung cancer risk among Chinese women in Hong Kong. The two factors appeared to act independently in their associations with lung cancer. There is no doubt that smoking is a potent risk factor for lung cancer even in Chinese women, and this is especially true for nonadenocarcinoma. Nevertheless, exposure to Chinese style cooking emissions may pose a more serious health impact and have more profound public health implications, given the fact of a low prevalence of smoking, but a pervasive exposure to cooking emissions in Chinese women. The results underscore the necessity and priority of formulating an effective strategy to modify and improve the cooking practice in Chinese populations. 
